Objective: This prospective study aimed to determine the effect of neodymium-doped yttrium aluminum garnet (Nd:YAG) laser capsulotomy on spherical equivalent (SE), mean keratometry (Km), intraocular pressure (IOP), and changes in the anterior segment parameters, namely, anterior chamber depth (AChD), anterior chamber volume (AChV), anterior chamber angle (AChA), and central corneal thickness (CCoT).
INTRODUCTION
Posterior capsule preservation in phacoemulsification surgery not only supports the intraocular lens (IOL) position but also prevents several complications by functioning as a barrier between the anterior and posterior segments (1, 2) . The preserved posterior capsule may opacify over time. Posterior capsule opacification (PCO) is a common complication that causes vision defects after phacoemulsification (3) . While the incidence of PCO varies from study to study, the cumulative incidence of Nd:YAG capsulotomy was found to be 13.2% 5 years after cataract surgery (4) . The decision to perform capsulotomy treatment usually involves decreased visual acuity and visual impairment (5) .
Since its introduction in 1980, neodymium-doped yttrium aluminum garnet (Nd:YAG) has been a successful gold standard therapy applied in the cases of decreased visual acuity due to PCO (2, 6) . Although it is frequently applied and has a low risk of complication, serious complications such as increased intraocular pressure (IOP), corneal, and IOL injuries, IOL dislocation, pupil block, anterior vitreous prolapse, vitritis, retinal tear, and retinal detachment may occur (7) (8) (9) (10) . The evaluation of alteration in the parameters of the anterior segment after Nd:YAG laser capsulotomy may prove helpful in providing comprehensive information on ocular dynamics, refractive alteration, and mechanisms of potential complications.
Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany) is a powerful, rapid, and noncontact anterior segment imaging system, which employs a rotational Scheimpflug camera system, provides quantitative information about the anterior and posterior corneal surfaces, anterior chamber depth (AChD), anterior chamber volume (AChV), anterior chamber angle (AChA), and central corneal thickness (CCoT).
This prospective study aims to evaluate the effect of Nd:YAG laser capsulotomy on spherical equivalent (SE), IOP, mean keratometry (Km), CCoT, AChD, AChV, and AChA values, as well as the use of a Pentacam Scheimpflug camera system in PCO patients.
MATERIALS and METHODS
This prospective study was carried out in the Department of Ophthalmology at Kayseri City Hospital. The study was approved by the Regional Ethics Committee and it adhered to the tenets of the Declaration of Helsinki (Erciyes University 2019/92). Written and verbal informed consent was obtained from all the patients before enrollment. Power analysis was performed considering the earlier studies before starting the research, and 30 participants were considered to be sufficient. Only 40-80-year-old pseudophakic patients were included in this study. In this study, 35 eyes of 35 individuals who underwent YAG laser capsulotomy due to PCO were enrolled. All the eyes under consideration were subjected to Nd:YAG laser posterior capsulotomy, which was carried out in one session. All the patients underwent cataract surgery at least six months prior in Kayseri City Hospital without any complications, and all the participants had remarkable visual loss and visual symptoms (8/10 and lower visual acuity as per the Snellen chart, glare, and reduced contrast sensitivity). Patients were implanted with a single-piece hydrophobic acrylic intraocular lens (AcrySof SA60 IOL, Alcon, Fort Worth, TX, USA). The patients were evaluated one day (first visit), one week (second visit), and one month (third visit) after laser capsulotomy.
Exclusion Criteria
Patients with a history of any intraocular surgery-except for uneventful phacoemulsification, cornea pathology, ocular injury, glaucoma, uveitis, and contact lens use-were excluded from this study. Extraocular exclusion criteria included any history of systemic diseases, such as diabetes mellitus or connective tissue disease.
Examination Protocol and Measurements
Each participant received a complete ophthalmic evaluation that involved the best-corrected visual acuity with a Snellen chart, Goldmann applanation tonometry to measure the IOP, slit-lamp biomicroscopy examination, and dilated stereoscopic fundus examination; further, a Pentacam Scheimpflug camera was used to measure the anterior segment parameters. The objective refraction value was measured twice with an autorefractometry device (Topcon, RM-KR-8800, Tokyo, Japan) 40 min after 2.5% phenylephrine and 1% tropicamide eye drops. SE was calculated by adding the sphere power and half the cylinder power. The axial lengths for all the participants were measured before the YAG laser capsulotomy procedure with an optical biometer (IOLMaster 500; Carl Zeiss Meditec, Jena, Germany).
Operation Technique
Nd:YAG laser capsulotomy was performed with the Ultra Q Reflex laser device (Ellex, Australia) and a standard capsulotomy lens (Volk Optical Inc. Mentor, Ohio, USA). After pupil dilation, 4-mm-wide central capsulotomy was performed by focusing power at the posterior capsule level. The energy level began at 0.8 millijoules (mJ) and increased to 1.6 mJ and firing 33-72 shots, all of which were accomplished by the same ophthalmologist (ES). No antiglaucomatous application was made before or after the procedure. To prevent postoperative inflammation, the patients were prescribed 0.1/5.0 ml dexamethasone (Dexa-sine, Alcon, Hünenberg, Switzerland) 5 times daily and 0.3% nepafenac (Nevanac, Alcon, Fort Worth, TX, USA) 4 times daily for a week. No intraoperative complications developed
Pentacam Scheimpflug Camera Measurements
A standard dim light was utilized for all the Pentacam measurements, which were carried out between 9 and 11 a.m. without pupil dilation to avoid any effects on the anterior segment parameters. In the present study, for the reconstruction of the anterior segment parameters, 25 Pentacam images obtained in the capture mode were utilized. After screening, a three-dimensional image of the anterior segment was constructed using the Pentacam software V.6.02r29. The AChD, AChV, AChA, CCoT, and Km measurements were undertaken. AChD was measured as the distance from the central cornea at the endothelial level to the IOL anterior surface without including the corneal thickness. AChA measurements denoted the angle between the cornea's posterior surface and the horizontal line of the anterior surface of the iris, wherein the narrower angle of either the nasal or temporal measurement was accepted. Km was automatically calculated by Pentacam from the circular area located 4.0 mm away from the cornea center. An average of the three measurements was taken and the best value was adopted for analysis, which was evaluated by the same ophthalmologist (AA). The tests were conducted on the first, second, and third visits after Nd:YAG laser capsulotomy.
Statistical Analyses
All the statistical analyses were carried out via the SPSS software for Windows v. 21.0 (IBM, Armonk, NY, USA). Categorical variables were evaluated by using the chi-squared test. Shapiro-Wilk's test was used for establishing the homogenous distribution of the variables, while continuous variables for descriptive statistics were stated as mean±standard deviation. The homogeneity of variance was evaluated by using Levene's test. Repeated-measures analysis of variance was performed to ascertain if the difference in the changes to the anterior segment parameters was statistically significant. Bonferroni adjustments were used as post hoc tests for multiple comparisons between the groups. Here, p<0.05 was considered to be statistically significant.
RESULTS
The study sample consisted of 35 eyes of 35 individuals with PCO, whose mean age was 64.2±7.2 years. Here, 16 participants were female and 21 right eyes were included ( Table 1 ). The IOP and SE values are listed in Table 2 and Table 3 , respectively, while the Km values before and after performing the YAG capsulotomy procedure are listed in Table 4 .
These findings reveal that an increase in the IOP value on the first visit was statistically significant (p<0.001). This trend continued into the second visit (p=0.004). However, the difference in the IOP noted on the third visit was no longer significant (p=0.44).
In addition, the procedure resulted in a statistically significant decrease in SE (p=0.005, p=0.002, and p=0.002). The hyperopic shift in SE began at the first visit. However, the SE measurements for the subsequent visits were not statistically significant (p=1.00 and p=0.98). Moreover, no significant differences in the Km values before and after the surgery were noted (p=0.91).
AChD changes are listed in Table 5 , whereas the repeated measurements and comparisons of AChV, AChA, and CCoT values are listed in Table 4 . As compared to the preoperative values, there was a significant increment in AChD post-treatment (p=0.038, p=0.037, and p=0.022). However, differences in the AChD measurements across the 3 visits were not statistically significant (p=1.00). Figure 1 shows the AChD measurements before and after the capsulotomy procedure. The procedure did not yield statistically significant changes in AChV, AChA, and CCoT (p=0.41, p=1.00, and p=1.00, respectively).
DISCUSSION
Cataract surgery is the most common procedure performed by ophthalmic surgeons. Despite considerable advancements in surgical techniques and IOL design, reduced visual acuity due to PCO is common after cataract surgery (3, 4) . Nd:YAG laser treatment is the gold standard method for treating visual acuity loss associated with PCO.
Studies have shown alteration in the morphology of the anterior seg- The contactless Pentacam optical system is particularly designed for obtaining the image of the eye's anterior segment. It is easy to use and has been proven to be highly reliable and repeatable (11) .
In the present study, there was a statistically significant increment in the IOP levels on the first and second visits, but none of the participants received any antiglaucomatous treatment. One month after capsulotomy, there was no significant difference in terms of IOP change. Ozkurt et al. found no significant increase in the IOP value hours or days after the procedure. However, these authors attributed this finding to the single drop of apraclonidine applied after the laser treatment (12) . Hu et al. determined the IOP value 30 min and weeks after the surgery and did not find any significant increase as compared to the postoperative measurements. In the aforementioned study, a single drop of timolol or betaxolol was administered (13) . Waseem et al. suggested that high-energy doses during YAG laser capsulotomy may cause increased IOP (14) . Postoperative antiglaucomatous drops were not administered in our study. The mild increase in the IOP value may be attributed to the low cumulative dose of laser energy used in the procedure. In terms of refraction, a decrease in the SE value occurred in the participants. This hyperopic shift began during the first visit and continued throughout the second and third visits. Some studies found no significant change in the SE values (12, 13) or observed a hyperopic shift (15) following YAG laser capsulotomy. Karahan et al. observed 0.16-0.36 D hyperopic shift depending on the width of the YAG laser capsulotomy (16) . The posterior movement of the IOL due to YAG capsulotomy might be responsible for the hyperopic shift. Similar to other studies, we found no statistically significant changes in the Km values (17, 18) . This is most likely a result of the laser focal point being far from the cornea.
AChD increased in all the three visits after the laser procedure. This might be due to the movement of the IOL toward the vitreous. Similarly, Findl et al. reported that YAG laser capsulotomy caused an average posterior movement of 25 micron of the IOL, which caused an increase in the depth of the anterior chamber (19) . Eliacik et al. reported posterior movement of 60 micron of the IOL and an increase of 0.06±0.04 mm in AChD in their study, which was conducted with optic coherence tomography (AS-OCT) (20) . However, studies have also reported no changes in AChD (13, 14) and a decrease in depth (19, 21) . The research by Oztas et al. was performed by using a three-piece IOL (Sensar, AMO, USA); they found a decrease in AChD after capsulotomy (17) . Our study was performed with a one-piece hydrophobic acrylic intraocular lens (AcrySof SA60 IOL, Alcon, Fort Worth, TX, USA). Different optic and haptic structures of the IOLes may explain these conflicting results in the anterior chamber parameters after YAG laser capsulotomy. Olsen et al. indicated that every 0.1 mm change in the AChD might cause a 0.1 D difference in the IOL calculation and noted the importance of a change in the anterior chamber depth with changes in refraction (22) .
The present study found no significant differences in the AChV and AChA values. In a study conducted with Pentacam, Oztas et al. found a statistically significant increase in AChA one week after the operation, but no significant increase one month after the operation. This same study reported no significant difference in the AChV value (17) . Eliacik et al. conducted a study with AS-OCT and reported a 2.8%-2.9% increase in AChA (20) . Changes in AChV and AChA may be caused by changes in the iris plane. Further studies evaluating the iris plane may help shed light on this subject. After capsulotomy, there was no obvious change in CCoT. This showed that the YAG laser operation had no effect on the corneal thickness. Further studies with advanced evaluation of corneal endothelium and other corneal layers may provide more detailed information.
The relatively small sample size and the follow-up period of only one month were the limitations of our study. In addition, further studies evaluating various IOL types, posterior capsule opacity density, and effect of capsulotomy width are necessary.
CONCLUSION
PCO, which commonly develops following cataract surgery, can be successfully treated with YAG laser capsulotomy. Following Nd:YAG posterior capsulotomy, we found statistically significant changes in the AChD, IOP, and SE values. YAG laser capsulotomy is a significant procedure, which may cause changes in the IOL position, leading to increased AChD and refractive changes. The changes that may develop after the procedure should be considered.
